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The Effect of 
Cigarette Smoking 
on Coronary 
Heart Disease 

Where Do We Stand Now? 

Carl C. Seltzer, PhD , Boston 

It IS AN ESTABLISHED observation 
that there is a statistically significant asso¬ 
ciation of cigarette smokers and increased 
mortality and morbidity from coronary 
heart disease (CHD) in men. It forms the 
basic springboard for public health warnings 
as to the health hazards of cigarette smok¬ 
ing and CHD. Hut it docs not tell us how 
smoking causes or precipitates a death from 
CHD,.or if indeed it docs. The most such an 
observation can do is to demonstrate the 
existence of a relationship; it cannot estab¬ 
lish any existing relationship as a causal 
one. For this, it is necessary to derive bio- 
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logical inferences from other evidence, jxtlh- 
ological, clinical, experimental, as well as 
epidemiological. What follows is an analysis 
as to where wc ore now with respect to the 
biological inferences, and not necessarily 
where we will be in the future, since all the 
facts arc not yet in and many of the conclu¬ 
sions and concepts will need more documen¬ 
tation, * 

A convenient starting point is the Sur¬ 
geon General's Advisory Committee's Re¬ 
port of 1964. After considering all the avail¬ 
able information on smoking and CHD, the 
committee concluded that “male cigarette 
smokers have a higher death rate from coro¬ 
nary artery disease than non-smoking males, 
but it is not clear that the association ha* 
causal significance.” 1 However, since 1994 
there has accumulated a considerable both/ 
of data bearing on this area of concern, ami 
it is from this additional evidence that w- 
can best judge where we now stand on th - 
effect of smoking on CHD. Epidemiologies , 
pathological^ e.\jx>rimcntal, and clinical cv ! 
donee will be examined in turn. 

Epidemiological Evidence 

Recently, I reviewed the new epidemiolog¬ 
ical evidence. 2 The conclusion of the Sur 
goon Ch moral's 1964 repmrt that male ciga 
rette smokers have a higher death rate from 
CHD than m<m who do not smoke has t»cen 
confirmer! in the new studies- published since 
the report was issued. Prospective studies of 
smoking and death; rate gave a median 1 mor 
billy ratio (current cigarette smokers l 
non^mokers) of 1.7, with no appreciable c 
cess in deaths among cigar end pijv smo: 
ers. Angina fH-ctorls, which represents a!?ot 
20% of all manifestations: of CHD, was f« 
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t.e most part found to bo unrelated to ciga- 
i ite. smoking. Significantly, duration of cig- 
t vttc smoking was found to bo unnssociatcd 
v ith excess CHD mortality, and conflicting 
results were obtained with regard to the 
eject of cigarette smoko inhalation. There 
also were a number of inconsistencies and 
inversions in reports of a consistent, rising 
gradient of CHD mortality with increasing 
amounts of cigarettes smoked. Those who 
smoked the most cigarettes had higher CHD 
rates than those y.ho smoked the least, but 
the disease rates of the those smoking inter¬ 
mediate amounts were almost invariably the 
same or lower than those of those who 
smoked the least. The data dealing with 
discontinuance of smoking gave conlrnctory 

and inconsistent findings and reflected on ris, and with the decreased statistical asso- 
the problem of drawing valid conclusions ciation of cigarette smoking and CHD in 
from such data in exsmokers. In sum ti collhb older subjects. The evidence, then, for a 
eral epidemiological evidence related to rea- long-term effect of cigarette smoking con- 
sonable mechanisms was found to be weak, tributing to excess CHD through a process 
negative, or nonsupporlive. of augmentation of atherosclerosis is not 

This in no way obviates the basic observa- clear-cut, and is inconsistent with other por¬ 
tion that cigarette smokers show excessanor- tinent information, 
tality and disability from CHD, including 

sudden death. This observation still stands Clinical and Experimental Evidence 

and commands attention and explanation. It 

means that the collateral epidemiological cv- This section deals with the acute effects of 
idence is not supportive with respect to cigarette smoking. These effects rather than 
CHD as similar evidence is for smoking and the possible long-term effects of smoking are 
other diseases, such ns lung cancer and the present major basis of suspicion of harm 
chronic bronchitis. to the cardiovascular systemd’" Of the vari¬ 

ous components of tobacco smokewith acute 
Pathological Evidence pharmacologic effects, the focus until re¬ 

cently was almost exclusively on nicotine. 
It has been hypothesized that cigarette Lately, other constituents of tobacco smoke, 
smoking has a long-term effect on CHD principally carbon monoxide, have also been 
through a cumulative process of augmonta- receiving attention. 

tion of aIhorogenesis. 3 The studios of Auer- Much is known concerning the acute car- 
back ct al l and Strong et al** in hospital diovascular effects of nicotine in man and 
autopsy cases found advanced degrees of ex]K*rimental animals. In low concentra- 
atherosclcrosis to bo higher among cigarette tions, nicotine stimulates the sympathetic 
smokers than among nonsmokers and in- and parasympathetic ganglia, and in high 
creased With amount of smoking. concentrations, paralyses them. Thus, nico- 

In more recentstudies of jKipulations like- tine can cnii-e liberation of catecholamines 
ly to be s'*h'cUd l for arterial disease or from the adrenal medulla. Nicotine can also 
smoking habit. Vied and associates* found have n sympathomimetic effect by causing 
"no relationship li*'tween atherosclerotic le- the discharge of epinephrine and noropi- 
sions and the use of tobacco** in an autopsy nephrine from chromaffin ccdls in various 
study of violent deaths mges 10 to 70 tissues, and in addition, can produce effects 
years). In another study of violent deaths reffexly by stimulating the c homo receptors 
among con-ecu live accident victims (ages 16 of the carotid and aortic bodies. The net 
to 49 years) Henson and Galindo t written results are transient, noncumulative, reversi- 


communication, Jan 19GS) found no signif¬ 
icant differences in amount and type of 
atherosclerosis between smokers and non- 
smokers. As noted by \V. Kanncl, MD (oral 
communication, August 19GD); the autopsy 
series of the Framingham Study shows no 
correlation of degree of uncomplicated coro¬ 
nary artery' atherosclerosis and the antece¬ 
dent premorbid cigarette smoking habit. 

That cigarette smoking has a chronic or 
cumulative effect leading to advanced de¬ 
grees of at hero genesis is, also, inconsistent 
with several established observations: that 
duration of cigarette smoking is not associ¬ 
ated with excess deaths from CHD, : 11 with 
the lack of uniform evidence of an associa¬ 
tion of cigarette smoking with angina pccto- 
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t inges quickly returned to normal, and the 
f. -dilation threshold declined slowly and 
c-.enlually fell below threshold bnreline. As 
f..r as studies in humans arc concerned; 
there appear to be no hard facts on this 
subject, no conclusive evidence that cigarette 
: moking precipitates “serious, life-threaten¬ 
ing arrhythmias.*' Hut since arrhythmias can 
lead to clinical disability and death it is 
important that this subject be thoroughly 
investigated. 

5 . Does cigarette smoking lead to throm¬ 
bus formation? In the presence of impaired 
coronary artery circulation, does cigarette 
smoking “trigger" myocardial oxygen deficit 
of a critical degree through an increase in 
platelet adhesiveness? 

Helpful reviews of the literature on smok¬ 
ing and thrombosis have been provided by 
Murphy and Mustard; 1 s - ,:> and again most 
recently by Murphy.- 0 These authore find 
no satisfactory answer to the question, “Does 
smoking lead to thrombus formation?’* They 
note that the experimental approach with 
laboratory animals is replete with difficulties 
In simulating human cigare tte smoking, and 
that the assessment of thrombosis is a prob¬ 
lem since the techniques used do not repre¬ 
sent thrombosis but clotting of shed blood. 
The problem of microthronibi is even more 
difficult. 

Murphy and Mustard note that actual 
experimental work in connection with smok¬ 
ing and thrombus formation is scanty, and 
consider inconclusive the results of Engel berg 
and Futlerman. 22 who . used the Chandler 
loop, in which a sipiificant reduction in 
thrombus formation time was reported in 
some subjects after they smoked two ciga- 
Tcltcs. In answer to the question, “Which 
constituents in tobacco smoke arc producing 
the effect?’* Murphy-and 1 Mustard state that 
there is “cmharrnstngly little information" 
and no formal conclusions can be drawn. 
They note that the evidence at present is 
circumstantial while they indicate that “ni¬ 
cotine may he responsible.” After considera¬ 
tion of the studies relating the platelet, arte¬ 
rial wall, coagulation; and fibrinolysis to 
thrombogencsis, tho reviewers conclude: 

The evidence, *o fnr. suggest!, tho tentative 
conclusion tlmt snicking ia a*-oci:ife<I with n 
tranrimt increase in li*ndeiicy to fenn thrombi 
ond thi* r»>ult could U.* largely explained by llu* 


release of ondnpenoouH epinephrine by absorbed 
nicotine. 

Studies of Spain et al :i and Engejbcrg 
and Futterman 72 do nit support the sugges- 
tion that cigarette smoking may precipitate 
acute coronary artery events by altering the 
blood coagulability as a result of stimulation 
to catecholamine production and free fatty 
acid mobilization. 

Because of the difficulty of studying 
thrombus formation in man, special empha¬ 
sis has been placed on blood coagulation, 
even though coagulation and thrombus for¬ 
mation are not identical. In studying possi¬ 
ble smoking effects on thrombus formation 
in man; observers have relied heavily on in 
vitro phenomena with the attendant prob¬ 
lems of experimental control and of trans¬ 
posing in vitro results to intact man. It is 
possible that clotting may be the least im¬ 
portant mechanism in the thrombotic de¬ 
velopment, and that thrombosis will only 
occur when vessel damage is present and 
when there is decreased flow through vaso¬ 
constriction. 

At the present state of our knowledge, it 
is possible that release of endogeneous epi¬ 
nephrine through nicotine absorption may 
produce transient increases in platelet ag¬ 
gregation in some persons. But this evidence 
is confounded with factors inherent in the 
nature of the experiments and in man’s 
great variation and unique homeostatic pro¬ 
pensities. Even if experimental methods and 
designwere adequate, the question of smok¬ 
ing and thrombus formation would still re¬ 
main an extremely difficult problem. From 
the evidence now available, no firm conclu¬ 
sion is possible that cigarette smoking so 
affects the thrombus forming process in hu¬ 
man blood as to account for a portion of the 
excess deaths from CHD that occur in ciga¬ 
rette smokers. 

6. Docs the carbon monoxide constituent 
of cigarette smoke result in or contribute to 
increased myocardial infarction or sudden 
death cither in normal individuals or in 
persons with already impaired coronary’ cir¬ 
culation due to Cl ID? 

Studies have shown that the carbon mon¬ 
oxide constituent of cigarette smoke docs 
effect increases (2 % to 10%) in the levels 
of carhoxyhcrnoglobin fCOHb) saturation- 
when heavy cigarette smokers and nonsmok- 
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Me incrra^s In heart rate; cardiacoutput. 
iV, cardiac work; systolic Mood pressure; 
and in rate and depth of breathing 

The Surgeon General’s l£h>4 committee 
reviewed and analyzed! the large body of 
data availhble to them on the acute eflfr'Cts 
of cigarette smoking and found “no unique 
cardiovascular effects” were demonstrated to 
“seem likely to account for the observed 
association of cigarette smoking with an in* 
creased incidence of coronary disease.*' 1 The 
conclusions were bsiscd on the effects of 
nicotine; carbon monoxide was not consid¬ 
ered. 

Since then there has accumulated a con¬ 
siderable amount of additional experimental 
material. These data have led the Public 
Health Service to advance the theoretical 
concept of mechanisms, whereby ",. . in the 
presence of impaired coronary circulation 
due to coronary heart disease, cigarette 
smoking may ‘trigger* myocardial oxygen 
deficits of critical degree” leading to my¬ 
ocardial infarction and sudden death. 10 

Lot us examine the more important of 
these mechanisms. This can be done best by 
posing a number of questions and attempt¬ 
ing to answer them on the basis of the 
present evidence, 

1. Docs cigarette smoking "trigger’* or 
"contribute to” increased incidence of acute 
myocardial infarction or sudden death 
through critical reductions in coronary nu¬ 
trient capillary blood flow? The evidence 
that it could rests on the observations that 
cigarette smoking creates increased my¬ 
ocardial oxygen demands owing to the nieo- 
tinc-induced catecholamine eflect, and that 
while in normal persons the response is a 
compensatory increase in coronary blood 
flow, in some CHD patients, the compensa¬ 
tory increase in blood flow is absent. 11 The 
problem then rests on how critical is the 
absence of compensatory increase in coro¬ 
nary" blood, flow in persons with already 
impaired corun ary circulation, in the light of 
differences in amount and frequency of 
smoking, of the condition and activity level 
of the patient, and considering that the 
effects of smoking are transient and non cu¬ 
mulative. The evidence on these points is 
not yet available;: the question is challenging 
and remains to bo answered. 

2. Does cigarette smoking "trigger”* my- 


ocardia! oxygen deficit of a critical d. ;riv 
through "tlso impairment, of coronary ?—x >i 
as a result of the increased blood vir:o-dey 
associat'd with hyi>orHpemia and hcm*von- 
cent ration” 10 It has been reported ihat 
hornoconcentrnlion occurs hath in cig uetto 
smokers and in patients with myocardial 
infarction, and that increased fatty acids 
increase the force necessary to "shear” 
blood. However, conflicting results hive 
been obtained with respect to hemocoucen- 
tration in ixjrsons with CHD.f-- 11 The con¬ 
cepts of viscosity of blood ns influenced by 
rate of shear and hematocrit value are pres¬ 
ently, as Burch and DePnrquale 14 point out, 
"higliiy speculative.” The whole question is 
exceedingly complex. There are no data di¬ 
rectly relating smoking to fatal CHD events 
through measurable increased blood viscosity 
in patients with CHD. This interesting con¬ 
cept is* still hyj>othetical and without docu¬ 
mentation. 

3. Does cigarette smoking, by a catechol¬ 
amine eflect, "trigger” myocardial oxygen 
deficit of a critical degree through "the in¬ 
crease of myocardial wall tension and veloc¬ 
ity of contraction?” 10 That nicotine or ciga¬ 
rette smoking or both, agument heart muscle 
contractility and consequently increase my¬ 
ocardial oxygen need* is consistent with tlv 
evidence. The extent of the. increase in oxy¬ 
gen demand, however, is imperfectly known 
and dependent on factors involved in de¬ 
complex ity of myocardial energetics and ns 
cotine absorption. Where, when, in wha* 
circumstances are the levels of oxygen re 
quiremrnts occasioned by increased my 
ocardial contractility not met? The answe* 
to the question is still to come. 

4. Does cigarette smoking "trigger” my 
ocardial oxygen deficit of a critical degree 
"through a predisj^-sition to acute arrhyth¬ 
mias as a consequence of harmful neurogen¬ 
ic reflexes or catecholamine release?” 10 Sup¬ 
port for this hypothesis comes, in part, fron; 
experimentalstudies in dogs in which direct 
ndministration of nicotine induced varying 
effects on the complicated neural and hu¬ 
moral mechanisms affect heart rate and 
rhythm, and an enhancement of Purkinj 
fiber "mitomaticity,” 13 ^ Webb ct ah 
showed, following bipolar ventricular elec 
trode stimulation of dogs, a postfe.-qousc to 
cigarette smoking in which hrmody.naniii 
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crs wore compared, with the cnnstxiuent dis¬ 
placement of oxyhomoglobim In addition, 
curlvtv monoxide-effects a shift to the left of 
the oxygen-hemoglobin dissociation curve, 
which may result in a decreased release of 
oxygen at the tissue level.-* 

On the whole, experimental and clinical 
investigations bearing on this question are 
few. The most salient work in this area has 
been performed by Ayres and associates.- 1 
In 2G human subjects Indore and after car¬ 
bon monoxide inhalation, these investigators 
found no significant change in oxygen ten¬ 
sion. In another experiment, after exposure 
to carbon monoxide, coronary blood f.ow 
increased significantly in seven non-CHD 
patient* but not in four patients with arte- 
riographically proven CHD. In the patients 
with CHD, myocardial lactate and pyruvate 
extraction decreased or shifted to actual pro¬ 
duction, suggesting anaerobic metabolism. 

If carbon monoxide does in fact apprecia¬ 
bly decrease oxygen * extraction at the 
myocardial level, die matter of oxygen con¬ 
sumption may hinge on the extent of in¬ 
crease in coronary blood flow irv normal per¬ 
son?, while in persons with diseased coro¬ 
llary arteries, the increase In blood flow is 
slight or absent. Hence, it may be a question 
of the ultimate balance of these opposing 
forces. In jiormal persons, there Is the pre¬ 
sumption that the increased coronary blood 
flow more than matches the presumed de¬ 
crease in oxygen extraction* Whether or not 
this fails to occur In patients with obvious 
CHD, to such an extent as to "trigger” a 
coronary event is as yet unknown and much 
work remains to be done in this area. 

Summary 

Where do we now stand? Certain facts are 
dear. It js clear that there is a higher mor¬ 
tality rate from cardiovascular disease in 
cigarette smokers than in nonsmokers. The 
epidemiological evidence about duration of 
smoking, inhalation, amount of smoking, 
and stopping smoking has In-cn shown to lx? 
inconclusive or less supportive with respect 
to CHD than for smoking and other diseases. 
A chronic effect of cigarette smoking is 
not clour and is inconsistent with other in¬ 
formation. As far as acute eflects are con-. 
Cerntd, a series of physiological mechanisms 
have been advanced whereby cigarette 


smoking could trigger myocardial o. .gen 
deficits of n critical degree in the preset oof 
impaired coronary circulation due to ( HD. 
This hyjxvthesis has not boon reasc: tbly 
substantiated. Some of the evidence is pro¬ 
vocative, but In many instances the hypoth¬ 
esized mechanisms are inadequately t‘i*cu- 
mcrited or not document! d at all. 

llie statistical association of higher mor¬ 
tality from CHD in cigarette smokers ..-till 
remains to bo explained: An explanation 
may lie in a constitutional and genetic pre- 
deposition both to cigarette smoking and 
CHD. A genetic factor in the etiology of 
CHD is well accepted, and there is a grow¬ 
ing body of evidence that smokers are dif¬ 
ferent from noa<mokcrs in a large variety- 
of biological ways and behavioral patterns, 
including “style of life.”-If smokers show 
a greater tendency toward heart disease 
than nonsmokers because they arc different 
kinds of people than nonsmokers—more vul¬ 
nerable constitutional types—this could ex¬ 
plain the comparatively low degree of asso¬ 
ciation f mortality ratio of 1.7) of excess 
heart disease among cigarette smokers. At 
present, this has not been fully established. 
More research in this area is vitally neces¬ 
sary. 

The Surgeon General's Advisory Commit¬ 
tee's Report cn "Smoking and Health” con¬ 
cluded in 1234 that "male cigarette smokers 
have a higher death rate from coronary 
heart disease than nonsmoking males, but i* 
is not clear that the association has causa? 
significance.” 1 I l>elicve this is where, we stiT 
stand. 

Wc ore mindful Hint absolute proof i? 
unattainable. We are also mindful, however, 
of 11 ic hazards of Inadequate knowledge. 
More work must be done and new informa¬ 
tion gathered until 11 10 crucial questions are 
illuminated. 

Assuredly, this opinion cannot be satisfy¬ 
ing to those readers who are seeking a yes 
and no answer to the question whether or 
not cigarette smoking carries a serious risk 
of (’HD. Fair-minded persons will concede 
that this opinion is mainly due to the unsat¬ 
isfactory slate of the evidence, which only 
time and more in tensive study will resolve. 

Him v.ui l*v lh<* \ untl hr 

h nifij' T»..' ftint* li v I)» p.»rl»tn nt <»f Nutri¬ 
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